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CARDIAC MAPPING AND ABLATION 
( K SYSTEMS 

Field B f the T WV ^«-^ n 

M , r , f invent „ io " "lates to percutaneous leads 

and related system and methods for capping the inte- 

conLtr 91 ° nS ° f h6art f ° r ^gnci. of cardiac 

conditions. 

PacKgrounil of f.h. T pven h.< Tn 

cardiac mapping is used to locate aberrant 

he!rt" C t!; P " hWayS CUr " nta —»•«»• within the 
of the h ; ber " nt P " h "** s «•««•• the contractions 

threat """^ ^ ^ °" Pe ° Uli « — 

threatening patterns or dysrhythmias. 

- Intracardi »= -apping requires the careful 
posationing o, an array of multiple electrodes within 
the heart. various structures for these multiple 
electrode mapping arrays have been developed or pro- 



4 690 «. „ ? HessD - s - stents 4,573, 473-and 
4,690,148 and Desai U.S. Patent 4,940,064 show the use 

P.VT? y Planar maPPln9 arrays - ch "*°» U.S. 

basw I'" 9 '" 7 Sh ° WS the USe ° f « ««- dimensional 
basket mappmg array, oelinas U.S. Patent 4,522,212 
shows a spring apart array of electrode supporting fingers. 
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Regardless of the type of mapping array 
used, the physician is called upon to remotely move 
and manipulate the array within the heart in various 
ways. First, the physician must maneuver the array 
through a main vein or artery into a selected heart 
chamber. Then, the physician must locate the array at 
the desired endocardial location. Then, the physician 
must further move the array at the desire location to 
assure that all aberrant electrical pathways, if pres- 
ent, are located. 

The development of prior mapping arrays has 
focused upon the requirements of mapping function it- 
self. The prior development has overlooked the impor- 
tant need to continuously and variously move and ma- 
nipulate the mapping array before, during, and after 
the mapping function, 
summary of tho T nvQnt ^ OT , 

An important aspect of the invention relates 
to providing a novel and improved construction for 
electrode carrying splines for improved cardiac map- 
ping and ablation devices. 

Briefly summarized the present invention 
provides an electrode assembly for use in interven- 
tricular cardiac mapping and probes formed thereby. 
The assemblies of the present invention involve the 
use of one or more elongated splines each of which 
carries a plurality of spaced apart electrodes there- 
on. Each spline has a means for attaching its proxi- 
mal end to a supporting means, preferably the distal 
end of a flexible hollow tube located within the cath- 
eter. Each spline can further be provided with means 
to attach the distal end thereof to an end cap to form 
a mapping array or basket. 

The body of each spline is formed of a plu- 
rality of alternating electrically conductive layers 
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and the electrically non-conductive layers. A 
rate electrically conductive pathway is provided to 
connect each of the electrodes to a different one of 
the conductive layers. Each of the layers is electri- 
cally connected to an electrical signal processing 
device so that signals provided by each of the elec- 
trodes can be processed. 

In • accordance with one embodiment of the 
invention, the spline can be of a circular cross-sec- 
tion with each of the alternating conductive and non- 
conductive layers being in the form of concentric 
rings and each of the electrodes is in the form of a 
ring encircling the outer surface of the spline. 

In accordance with a further embodiment of 
the invention, the electrode can be of an anisotropic 
rectangular cross-sectioned configuration. An array or 
basket formed of such splines provides a stable con- 
figuration resistant to twisting and thus insures ac- 
curacy and reliability of the cardiac mapping proce- 
dure . 

Prief Description e f nr.„^. T7 

Fig. 1 is a perspective view of an en- 
docardial mapping system that embodies the features of 
the invention; 

Fig. 2 is a top view of the probe associated 
with the system shown in Fig. 1, showing the operation 
of the steering mechanism; 

Figs. 3 and 4 are side elevation views of 
the probe associated with the system shown in pig. 1 
showing the operation of the deployment mechanism for 
the mapping array; 

Figs. 5 to 7 are side elevation views of the 
probe associated with the system shown in Fig. i 
showing the operation of the mechanism for opening and 

shaping the mapping array; 



Fig. 8 is a side elevation view of the probe 
associated with the system shown in Fig . 1# showing 

the operation of the mechanism for rotating the map- 
ping array; 

Fig. 9 is an exploded side elevation view of 
the probe associated with the system shown in Fig. i, 

Fig. 10 is an enlarged side section view of 
the interior of the probe body shown in Fig. g, when 
assembled, where the proximal end of the catheter 
Doins the main probe body; 

Fig. ii is an enlarged side section view of 
the interior of the tip of the probe handle shown in 
Fig. 9, when assembled; 

Fig. 12 is an enlarged side sectional view 
with portions broken away, of the mapping basket assol 
ciated with the system shown in Fig. l; 

Fig. 13 is an enlarged perspective view 
with portions broken away, of a cylindrical electrode 
support spline that the mapping basket shown in Fig 
12 can use; 

Fig. 14 is a greatly enlarged sectional view 
of the cylindrical electrode support spline taken gen- 
erally along line 14-14 in Fig. 13 ; 

Fig. 15 is an enlarged perspective view of 
a rectilinear spline that the mapping basket shown in 
Fig. 12 can use; 

Fig. 16 is a perspective view of the recti- 
linear spline shown in Fig. 15 before attachment of 
the electrodes; 

Fig. 17 is an enlarged perspective view of 
an alternative embodiment of a rectilinear spline that 
the mapping basket shown in Fig. 12 can use; 

Fig. is is an exploded perspective view of 
the rectilinear spline shown in Fig. 15, showing its 
multiple conductive and nonconductive layers; 



Fig. 19 is a schematic exploded side view of 
the multiple conductive and nonconductive layers of 
the rectilinear spline shown in Fig. 18; 

Fig. 20 is an enlarged perspective view, 
largely schematic, of the solid state circuit tube and 
one of eight microconnector chips associated with the 
mapping assembly shown in Fig. l; 

Fig. 21 is top view of the electrical at- 
tachment between microconnector chips and the solid 
state circuit tube shown in Fig. 20; 

Fig. 22 is an enlarged perspective view, 
largely schematic, of an alternative embodiment for 
the solid state circuit tube and the microconnector 
chips associated with the mapping assembly shown in 
Fig. 1; 

Fig. 23 is a schematic view of a power sup- 
ply and signal control circuit for the microconnector 
shown in Figs. 20 and 21; 

Fig. 24 is a schematic view of an alterna- 
tive power supply and signal control circuit for the 
microconnector shown in Fig. 22; 

Fig. 25 is a top view of the interior of the 
steering mechanism associated with the probe shown in 
Fig. l: 

Fig. 26 is a view of the -distal end of an 
alternative catheter having a mapping assembly that is 
located using a guide wire, instead of a steering 
mechanism; 

Fig. 27 is an enlarged view of the end cap 
of the. mapping assembly shown in Fig. 26; 

Figs. 28 and 29 are side section views of an 
alternative deployable mapping assembly using an in- 
flatable bag; 

Figs. 30A and B are side section views of an 
alternative deployable mapping assembly using a flexi- 
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ble sail-like body; 

Figs. 31A/B/C are side section views of an 
alternative deployable napping assembly using a 
central spline with random electrode support 
filaments; 

Figs. 32A and B are side section views of an 
alternative deployable mapping assembly using a foam 
body ; 

Fig. 33 is a side section view of the base 
member of a dynamic mapping assembly that embodies the 
features of the invention shown in a contracted condi- 
tion; 

Fig. 34 is a side section view of the 
dynamic mapping assembly associated with the base mem- 
ber shown in Fig. 33 in a contacted condition; 

Fig. 35 is a side section view of the base 
member of a dynamic mapping assembly that embodies the 
features of the invention shown in an expanded condi- 
tion; and 

Fig. 36 is a side section view of the 
dynamic mapping assembly associated with the base mem- 
ber shown in Fig. 35 in an expanded condition. 
Description of fch« P r eferred Pmbodimant* 

Fig. l shows an endocardial mapping system 
10 that embodies the features of the invention. The 
system 10 includes a hand-held probe 12 and an associ- 
ated controller 14. 

The probe 12 has a handle 16 and an attached 
flexible catheter 18. The catheter 18 slidably car- 
ries within an interior lumen a mapping assembly 20 
that is extendable out of the distal end of the cathe- 



The mapping assembly 20 establishes a three 
dimensional array of electrodes 22. In use, the map- 
ping assembly 20 records the activation times, the 
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distribution, and the waveforms of the electrical 
charges or potentials that trigger the pumping action 
of the heart muscle. 

Leads 24 pass through the lumen of the cath- 
eter and connect the mapping assembly 20 to the con- 
troller 14. The controller 14 receives and processes 
the potentials recorded by the electrodes 22 on the 
mapping assembly 20. An attached CRT 26 visually 
presents the processed data for viewing by the attend- 
ing physician. The controller 14 also has a printer 
28 for presenting the processed data in strip chart 
form. 

The physician positions the mapping assembly 

2 0 by maneuvering the catheter 18 through a main vein 
or artery (which is typically the femoral artery) into 
a selected heart chamber. During this time, the map- 
ping assembly 20 is carried in a compact, folded away 
position within distal end of the catheter 18 (as Fig. 

3 shows) . The physician can observe the progress of 
the distal catheter end using fluoroscopic or 
ultrasound imaging, or the like. 

When the physician places the distal end of 
the catheter 18 in the desired endocardial location, 
he/she manipulates the control mechanisms of probe 12 
to deploy and open the mapping assembly 20 into the 
desired three dimensional array 22 (as Fig. 1 shows). 

The controller 14 analyses the signals 
received from the electrodes 22 to locate abnormal 
foci in the tissue that disrupt the normal heart 
rhythm and can cause cardiac arrhythmia. once 
located, the physician can remove or destroy the ab- 
normal foci by ablation to restore a normal heart 
rhythm. A separate RF or microwave ablation probe 
(not shown) can be used for this purpose. Alter- 
natively, the mapping array 22 can itself include one 
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or more ablating electrodes. 

According to one aspect of the invention, 
the probe 12 includes four independent control 
mechanisms for the physician to manipulate in carrying 
out the multiple steps of the mapping procedure just 
generally outlined. The control mechanism are cen- 
trally located on the handle 16 to simplify error free 

manipulation of the catheter 18 and associated mapping 
assembly 20. 

The first control mechanism 3 0 deflects the 
distal end of the catheter 18 (as Pig. 2 shows) . This 
^llows the physician to remotely point and steer the 
distal end of the catheter 18 within the body. 

When the mapping assembly 20 is deployed 
the first mechanism 30 can also be used to point and 
steer the mapping assembly 20 itself. This allows the 
Physician to remotely maneuver the mapping assembly 20 
into position against endocardial tissue. 

The second mechanism 32 controls the 
deployment of the mapping assembly 20. The second 
mechanism 32 controls deployment of the mapping assem- 
bly 20 from a retracted position within the distal end 
of the catheter 18 (shown in Fig. 3, to an operating 
position outside the catheter 18 (shown in Fig. 4). 

When retracted, the mapping assembly 20 oc- 
cupies a low profile position that does not hinder the 
maneuvering within the body. when deployed in the 
operating position, the mapping assembly 20 can be 
opened to carry out its signal mapping function. 

^ - The third mechanism 34 opens the mapping as- 
sembly 20, when deployed. The third mechanism 34 
moves the mapping assembly 20 between its completed 
closed, folded position (shown in Fig. 4, and an 
completely opened, unfolded position (shown in Fig. 
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In the illustrated and preferred embodiment, 
the third mechanism 34 also controls the three dimen- 
sional shape of the mapping assembly 20. in this ar- 
rangement, the physician can remotely shape the map- 
ping assembly 20 by manipulating the third mechanism 
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In the illustrated embodiment, the third 
mechanism 34 progressively changes shape of the map- 
ping assembly 20 from an elongated ellipse (as Fig. 7 
shows), to an intermediate sphere (as Fig. 5 shows), 
to a toroid (as Fig. 6 shows) . Using the third 
mechanism 34 for this purpose, the physician can alter 
the shape of the mapping assembly 20 to more closely 

match the particular endocardial profile to be record- 
ed. 

The fourth mechanism 36 controls the 
rotational position of the mapping assembly 20 inde- 
pendent of the rotational position of the catheter 18 
(as Fig. 8 shows). m other words, the fourth 
mechanism 36 rotates the mapping assembly 20 without 
rotating the catheter 18. 

Using the fourth mechanism 36, the physician 
can rotate the mapping assembly 20 within the heart, 
without otherwise rotating the catheter 18 within the 
access vein or artery. 

The structural features of the catheter, the 
mapping assembly 20, and the associated control mecha- 
nism 30-36 can vary. These features will now be dis- 
cussed in greater detail, as they appear in the illus- 
trated embodiments. 

The Pro be Hand 1a 
In the illustrated embodiment (as Figs. 9 to 
11 show), the probe handle 16 includes a main body 38, 
a base 40, and a tip 42. The handle 16 and its com- 
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pqnent parts can be constructed from various durable 
metal or plastic materials. m the illustrated em- 
bodiment, the handle 16 is mostly molded plastic. 

The main body 38 has an interior channel 44 
(see Fig. 10) . A junction tube 46 is secured within 
the interior channel 44. The proximal end of the 
catheter is is, in turn, joined by adhesive or the 
lake to the front end of the junction tube 46. As Pig. 
10 also shows, the interior channel 44 also includes 
an annular groove 48 near its distal end, where the 
separately molded tip 42 is attached. 

The handle base 4 0 is a premolded extension 
of the main body 38 (see Fig. 9) . The base 40 is gen- 
erally flat and carries a steering member 50. As will 
be described in greater detail later, the steering 
member 50 houses an actuator for the first control 
mechanism 30 to point and steer the distal end of the 
catheter 18. 

The steering member 50 is also movable with- 
in a track 52 fore and aft upon the base 40 (see Figs 
1 and 2 also) . A telescopic shaft 54 connects the 
steering member 50 to the rear end of the junction 
tube 46. Fore and aft movement of the steering member 
50 within the track 52 expands and collapses the tele- 
scopic shaft 54. 

As will also be described in greater detail 
later, the fore and aft movement of the steering mem- 
ber 50 actuates the third control mechanism 34 to open 
and (in the preferred embodiment) shape the mapping 
assembly 20. ^ 

The handle tip 42 extends from the front of 
the main body 38. it includes a proximal flanged end 
56 which seats within the annular groove 48 of the 
main body channel 44 (as Figs. 9 and 10 show). 

The flanged end 56 freely rotates within the 
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annular groove 48. This allows the handle tip 42 to 
rotate relative to the main body 38. As will be 
described in greater detail later, the relative 
rotation between the handle tip 42 and main body 38 
for*, the basis for the fourth control mechanism 36. 

As Fig. 10 shows, the handle tip 42 includes 
a center bore 58 that is axially aligned with the 
interior channel 44 of the main body 38. a carriage 
60 moves within the center bore 58. As will be 
described in greater detail later, the movable car- 
riage 60 actuates the second control mechanism 32' to 
control deployment the mapping assembly 20. 

2. The Cat*****. 

The catheter 18 includes a flexible tube 62 
having an interior bore or lumen 64 (see Fig 12) 
The proximal end of the flexible tube 62 extends 
through the center tip bore 58 and into main body 
channel 44, where it is joined to the junction tube 46 
(as Fig. 10 shows) . 

The flexible tube 62 may constructed in 
various ways. For example, it may comprises a length 
of stainless steel coiled into a flexible spring en- 
closing the interior bore 64. 

t . «. , In the illus *rated and preferred embodiment, 
the tube 62 comprises a slotted, stainless steel tube. 

lenath ray J" " SUbten * S the tUb * alon * it- 

IZ ; I " SUbt6nd l6SS than on « circumfer- 

ence of the shaft at an angle of between 270 to 300 

oTtlT' T Sl ° tS 66 alS ° ********* radially 

offset one from the other by about 30 to 120 degrees! 

The slots 66 provide flexibility along the 
length of the tube 62. The pattern and arrangement of 
the slots 66 impart the necessary flexibility and to- 
rque transmission capabilities to tube 62. 
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Further details of the slotted tube 62 are 
disclosed in pending LUndquist U.S. Patent Application \ 
Serial No. 07/657,106 filed February 15, 1991^^-^ 
titled "Torquable Catheter and Method." ^ 
5 The ^heter 18 also includes a sheath 68 

enclosing the flexible tube 62. The sheath 68 is made 
from a plastic material, such as a polyolefin, 
polyurethane or polydimethylsiloxane. The sheath 68 
has an inner diameter that is greater than the outer 
diameter of the tube 62. in this way, the sheath 68 
slides along the outside of the tube 62 in response to 
the second control mechanism 32, to selectively en- 
close or expose the appended mapping assembly 20. 

3 * The Mapping HiopmM 
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The mapping assembly 20 may take various 
different forms. m the embodiment illustrated in 
Figs. 1 to 9, the mapping assembly 20 comprises a 
variably shaped basket 70, the details of which are 
best shown in Fig. 12. 

The mapping basket 70 comprises a base mem- 
ber 72 attached to the distal end of the flexible 
catheter tube 62. The mapping basket 70 also includes 
an end cap 74. Generally flexible electrode ' supports 
or splines 76 extend in a circumferentially spaced 
relationship between the base member 72 and the end 
cap 74. The splines 76 carry the spaced sensing elec- 
trodes 22. Electrodes can also be located on end cap 

The outer diameters of the base member 72 
and end cap 74 are less than the interior diameter of 
the movable sheath 68 (Fig. 12 shows this relationship 
with respect to the base member 72, but the end cap 74 
is shown enlarged to better show the details of its 
construction) . End cap 74 is preferably rounded or 
dome-shaped as shown, m this way, when moved toward 
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the distal end of the flexible tube 62, the sheath 68 
moves over and captures the mapping basket 70 (in the 
flattened position) and only the dome-shaped end of 
cap 74 is exposed. When moved the opposite way, the 
sheath 68 exposes the mapping basket 70 for use. in 
addition to electrodes located on splines 76A, one or 
more electrodes can also be located on end cap 74 to 
provide for additional signal measuring capability. 

Still referring to Fig. 12, the mapping bas- 
ket 70 further includes a generally stiff control wire 
78. The distal end of the control wire 78 is attached 
to the end cap 74. From there, the control wire ex- 
tends through the base member 72 and the bore 64 of 
the tube 62 for attachment to the third control mech- 
anism 34, as will be described later. 

Axial movement of the control wire 78 in 
response to actuation of the third control mechanism 
34 moves the end cap 74 either toward or away from the 
base member 72. This flexes the splines 76 to vary 
the shape of the basket 70. 

The splines 76 of the mapping basket 70 
shown in Fig. i 2 can assume various cross sectional 
shapes. The details of representative constructions 
will be discussed next. 

*• The BacV et g p T 

(i) Cvlindi- teal gp Hrn»« 
Figs. 13 and 14 show a spline 76A having a 
cylindrical cross section. The spline 76A carries the 
sensing electrodes 22 axially spaced along its length 
(six electrodes 22 are shown for the sake of illustra- 
tion) . The proximal end of the spline 76A includes an 
eyelet 80 for attachment to a pin on the base member 
72. The distal end of the spline carries a hook 82 
for quick connection to circumferentially spaced open- 
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ings 84 on the end cap (as Fig. 12 shows). Of course, 
other quick connect coupling mechanisms can be used.' 

The cylindrical spline 76A can have an open 
interior passage for conducting individual signal 
wires connected to the sensing electrodes 22. 

However, in the embodiment shown in Figs. 13 
and 14, the body of the cylindrical spline 76A is sol- 
id, it comprises multiple individual layers or 
substrates, as Fig. 14 shows. Alternating layers 86 
are coated with an electrically conductive material 
like platinum. Intermediate layers 88 of nonconduc- 
tive material, like polyimide, separate the conductive 
layers 86. 

The layers 86 and 88 can be applied, for 
example, by ion beam assisted deposition (IBAD) , or 
similar vapor deposition techniques. m the il- 
lustrated embodiment, each layer is about .0005 inch 
to .002 inch thick. 

As Fig. 13 shows, an individual signal wire 
90 is attached to each conductive layer 86. The sig- 
nal wires 90 exit the proximal end of the spline 76A 
and are joined to a microconnector 92, the details of 
which will be described in greater detail later. 

The number of conductive layers 86 equals 
the maximum number of electrodes 22 that the spline 
76A carries, m the illustrated embodiment, each cy- 
lindrical spline 76A carries a maximum of 12 sensing 
electrodes, so there are 12 conductive layers 86 and 
12 signal wires (Fig. 13 shows only a portion of the 
electrodes 22 and the signal wires for the sake of 
illustration) . 

In the illustrated embodiment, each sensing 
electrode 22 comprises a flexible substrate such as a 
silicone rubber body that has been coated by IBAD with 
platinum. Each sensing electrode is slipped into po- 
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sition over the spline 76A and there fastened by adhe- 
sive or the like. Alternatively, the rubber bodies can 
be molded in place over the spline and subsequently 
coated with a conductive layer by IBAD. 

A wire or pin 94 made of electrical conduc- 
tive material (such as platinum) is inserted through 
each electrode 22 and into the body of the spline 76A. 
Each pin 94 is coated with an insulating material, 
except for its head end and its tip end. 

As Fig. 14 shows, the pins 94 have different 
prescribed lengths, so that their tip ends reach dif- 
ferent conductive layers 86. Each pin 94 individually 
conducts the signals received by its associated sen- 
sing electrode 22 to one conductive layer 86. m this 
way, the signals sensed by each electrode 22 is trans- 
mitted by a different conductive layer 86 to the asso- 
ciated signal wire 90. 

Rectili near flp lUa- 
Fig. 15 shows an electrode support spline 
76B having a general flat, rectilinear cross section. 

Unlike the cylindrical spline 76A shown in 
Fig. 13, the rectilinear spline 76B has anisotropic 
stiffness, it exhibits the flexibility to deflect or 
bend in one plane along its longitudinal X axis 96 (in 
the direction of the Y axis as shown by arrows in Fig . 
15) . However, it exhibits stiffness to resist flexing 
or twisting about its longitudinal X axis 96 in the 
direction of the 2 axis. 

As Fig. 15 shows, each rectilinear spline 
76B carries sensing electrodes 22 axially spaced along 
its longitudinal axis 96. Like the cylindrical spline 
76A, the proximal end of the rectilinear spline 76B 
includes an eyelet 80 for attachment to the basket 
base member 72. The distal end of the spline 76B car- 

j6 



- 16 - 



4n 



5 5 ) 
~ ! 



~y 20 



: _ 3 

5 n-!}_.il 



ries a hook 82 for quick connection to the cir- 
cumferentially spaced openings 84 on the basket end 
cap 74 (see Fig. 12) . 

When so connected, the anisotropic stiffness 
of each rectilinear spline 76B resists twisting about 
its longitudinal axis 96. This keeps the basket 70 
torsionally rigid. The adjacent splines 76B are re- 
tained in the- desired circumf erentially spaced rela- 
tionship. 

Still, axial movement of the control wire 78 
will flex each of the rectilinear splines 76B central- 
ly outwardly along their longitudinal axes 96 in the 
direction of their Y axes. This will alter the 
U circumferential shape of the basket 70 (as Figs. 5 to 

7 show) . 

Due to their anisotropic stiffness, adjacent 
splines 76B will resist twisting. The assembled bas- 
ket 70 will therefore also resist twisting and will 
retain a desired symmetrical three dimensional shape 
about its longitudinal axis. 

In the embodiment shown in Fig. 15 , the 
spline 76B comprises multiple conductive layers 98 
separated by intermediate nonconductive layers 100 (as 
Figs. 18 and 19 best show). The conductive layers 98 
are coated with an electrically conductive material, 
such as platinum. The conductive layers are preferably 
).005 to ).002 inch in thickness. The nonconductive 
layers 100 are made of a nonconductive material, such 
as a polyimide or similar polymeric material. 

As Figs, is and 19 show, an electrode wire 
102 is soldered to each conductive layer 98. The in- 
dividual electrode wire 102 for one conductive layer 
98 is axially spaced apart from the electrode wire 102 
for the next conductive layer 98. As Figs. 18 and 19 
also show, the electrode wires 102 from the lower con- 
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ductive layers 98 pass through plated through openings 
102 in successive upper conductive and nonconductive 
layers 98 and 100 to exit the top surface of the 
spline 76B (as Fig. i 6 also shows). There, an elec- 
trode 22 is soldered to each electrode wire 102. 

As Figs 15; 16; 18; and 19 show, the 
proximal ends of the various conductive and nonconduc- 
tive layers 98 and loo are preferably arranged in 
stepwise fashion. This exposes each conductive layer 
98 to facilitate connection of the signal wires 90 by 
soldering. 

In an alternative arrangement (as Fig. 17), 
the electrodes 22 are vapor deposited on the surface 
of the rectilinear spline 76C. in this arrangement, 
the surface of the spline 76C also carries a solid 
state printed circuit 104 formed by either ion deposi- 
tion or etching. The circuit 104 conducts signals 
from the individual electrodes 22 to individual signal 
wires 90 attached at the proximal end of the spline 
76C. An eyelet 80 and a hook 82 provide for quick 
attachment of the spline 7 6G between the basket base 
member 72 and end cap 74, as previously described. 

B « The Hicroeonneefnr 

The multiple signal wires 90 leading from 
the sensing electrodes can be bundled together and 
passed as individual wires through the bore 64 of the 
flexible guide tube 62 for attachment to the control- 
ler 14. Laser welding can be used to minimize the 
cross sectional area of the electrical connections. 

In the illustrated and preferred embodiment, 
the number of electrically conductive wire leads pas- 
sing through lumen 64 is minimized by using solid 
state microconnector 92 in the base member 72 (see 
Fig. 12). Figs. 20 to 24 show the details of the 



microconnector 92. 

As Fig. 20 shows , the microconnector 92 in- 
cludes one microprocessor chip 106 for each electrode 
support spline 76 in the basket 70. Figs. 20 to 24 
assume an array of 56 sensing electrodes 22 on the 
basket 70. One or more of the sensing electrodes can 
also serve as ablation electrodes, as well. 

In this array, there are eight splines 76, 
with each spline 76 holding seven sensing electrodes 
22. In this arrangement, the microconnector 92 in- 
cludes eight individual chips 106 (as Fig. 21 shows) , 
with seven electrode signal wires 90 attached to each 
chip 106 (as Fig. 20 shows) . 

The chips 106 serve as switches controlled 
by the controller 14. Each chip 106 receives seven 
individual signals, one from each electrode 22 on the 
associated spline 76. Each chip 106 transmits only a 
selected one of the electrode signals at a time to the 
controller 14, subject to the switching signals that 
the controller 14 generates. The switching signals of 
the controller 14 thereby multiplex the electrode sig- 
nals through the microconnector 92. This reduces the 
number of electrical pathways required through lumen 
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As Fig. 20 also shows , each chip 106 
includes an I/O buss 108 comprising a power (+) con- 
tact no and a power (-) contact 112. The power con- 
tacts no and 112 receive power from a supply i 30 
within the controller 14. The I/O buss 108 also in- 
cludes an. input switching (or control) contact 114 
which receives the switching signals from the signal 
generator 132 within the controller 14 to select the 
input signal wire to be sampled. The control contact 
114 can also receive ablation energy through the sig- 
nal generator 134 from a source 135, to thereby use 



one or more of the associated sensing electrodes for 
tissue ablation. 

The I/O buss 108 further includes an output 
signal contact 116 for transmitting the selected 
electrode signal to the signal processor 134 within 
the controller 14. Figs. 23 and 24 diagrammatically 
show the components 130; 132; and 134 of the control- 
ler 14. 

The power, control, and output signals of 
each chip 106 are transmitted to and from the buss 108 
along an electrical conduction conduit lis carried 
within the lumen 64 of tube 62. The electrical con- 
duit us can be variously constructed, it can, for 
example, comprise coaxial cable. 

In the illustrated embodiment (see Fig. 21), 
the conduit lie comprises a mylar tube. The surface 
of the tube lis carries a solid state printed circuit 
120 formed by either ion deposition or etching. 

The specific configuration of the circuit 
120 deposited on the tubular conduit lie can vary, m 
the embodiment shown in Fig. 23, the circuit 120 com- 
prises 32 individual conducting paths that extend in 
a helical array deposited about the axis of the tube. 
As Fig. 20 also shows, the array includes one power 
(+) line 122 and one power (-) line 124 for each chip 
106 (for a total of 16 power (+) and (-) lines). 
These lines are connected to the power supply 130 
within the controller 14. 

The array shown in Figs. 20 and 23 also in- 
cludes one input control line 126 and one signal out- 
put line 128 for each chip 106 (for 16 additional 
lines, comprising a total of 32 conducting lines). 
These lines 126 and 128 are connected, respectively, 
to the signal multiplexing control circuit 132 and to 
the signal processing circuit 134 of the controller 



14. 



As Fig. 20 and 21 show, a stainless steel 
ferrule 136 electrically interconnects the lines of 
the circuit 120 with the microconnector 92. The fer- 
rule is located within the distal end of the mylar 
tube lis. The ferrule 136 has a prescribed array of 
32 cone points 138. The cone points 138 electrically 
interconnect the appropriate power (+) and (-) lines 
122 and 124, the control input line 126, and the sig- 
nal output line 128 to the associated contacts 
110/112/114/116 of the I/O buss 108 of each chip 106. 

In an alternative arrangement (as Figs. 22 
and 24 show), the circuit 120 carried on the tube lis 
is reduced to 18 lines. This circuit 120 also extends 
in a helical array deposited about the axis of the 
tube us. This array carries only one power (+) line 
122 and one power (-) line 124, connected to the power 
supply 130. As Fig. 24 shows, the distal ends of the 
power (+) line 122 and the power (-) line 124 encircle 
the distal end of the tube lis in axially spaced 
loops . 

In the particular array shown in Fig. 24, 
the loop of the power (+) line 122 is located closer 
to the distal end of the tube lis than the loop of the 
power (-) line 124 (see Fig. 22, also). 

The array carried by the tube lis also 
includes one input control line 126 and one signal 
output line 128 for each chip 106, for a total of 16 
additional lines. As before described, these lines 
126 and 128 are connected to the multiplexing and sig- 
nal analyzing circuits 132 and 134 of the controller 
14 (as Fig. 24 shows). As Fig. 22 shows, the lines 
126 and 128 terminate on the distal end of the tube 
118 below the power (+) and power (-) loops 122 and 
124 just described. 



In this arrangement (as Fig. 22 shows), a 
portion of the I/O buss 108 of each chip 106 is ar- 
ranged circumferentially. The top two contacts no 
and 112 comprise the power (+) and power (-) contacts, 
respectively. These are commonly connected by cone 
points 138 on the ferrule 136 to the power (+) and 
power. (-) loops 122 and 124, as Fig. 22 shows. 

The bottom two contacts 114 and 116 of the 
I/O buss 108 comprise the control input and signal out 
leads. These contacts 114 and lie are circum- 
ferentially arranged below the axial power contacts 
110 and 112. The cone points 138 on the ferrule 136 
appropriately connect the control input line 126 and 
the signal output line 128 to these circumferentially 
arranged contacts 114 and 116 of the I/O buss 108, as 
Fig 22 shows. 

4m The Probe Control, MeehanS «m« 

A# The Steering con^i Maeh^^., 
In the illustrated arrangement shown in Fig. 
1, the first probe control mechanism 30 occupies the 
interior of the steering member 50. Fig. 25 shows 
further details of this construction. 

The first mechanism 30 includes a rotating 
cam wheel 140 housed within the steering member 50 
A lever 142 on the exterior of the steering member 50 
(see Fig. i) is attached to the interior cam wheel 
140. Movement of the steering lever 142 by the user 
rotates the cam wheel 140. 

As Fig. 25 shows, the cam wheel 140 carries 
a fastener 144 between its right and left side surfac- 
es. Fastener 144 holds the proximal ends of right and 
left probe steering wires 146 and 148, which are sol- 
dered to the interior of the fastener 144. 

The steering wires 146 and 148 extend from 



the opposite ends of the fastener 144 and along the 
associated right and left sides of the cam wheel 140. 
The steering wires 146 and 148 exit the front of the 
steering member 50 through the interior bore of a ten- 
sion screw assembly 150, passing through the telescop- 
ic shaft 54 and into the junction tube 46, as Fig. io 



shows . 



The steering wires 146 and 148 extend 
further along within the flexible shaft bore 64. Near 
the distal end of the tube 62, the steering wires 146 
and 148 pass outside the bore 64 through exit holes 
(not shown). As Fig. 12 shows, solder connects the 
end of the left steering wire 148 to the left side of 
the distal end of the flexible tube 62. Likewise 
solder connects the end of the right steering wire 146 
to the right side of the distal end of the flexible 
tube 62. 

Left rotation of the cam wheel 140 pulls the 
left steering wire 148 to bend the distal end of the 
tube 62 to the left. Likewise, right rotation of the 
cam wheel 140 pulls the right steering wire 146 to 
bend the distal end of the tube 62 to the right. 

In this way, the first control mechanism 3 0 
steers the distal end of the flexible tube 62 and, 
with it, the attached mapping basket 70 (as Fig. 2 
shows) . 

It should be appreciated that, instead of 
using an active onboard mechanism for steering the 
flexible tube 62, a wire can be used to guide and po- 
sition the distal end of the tube 62 in the heart 
Figs. 26 and 27 show this alternative, over-the-wire 
embodiment, which lacks an onboard steering mechanism. 

In the embodiment shown in Figs. 26 and 27, 
the probe 10A includes an interior guide wire 152 ' 
The guide wire 152 extends from the handle (not 



shown) , . through the bore 64 of the flexible tube 62, 
passing through a central guide tube 154 in the map- 
ping basket 70. 

In use, the physician first maneuvers the 
guide wire 152 through the main vein or artery into a 
selected heart chamber. Then, the physician passes the 
tube 62 of the probe 10A with the attached mapping 
basket 70 over the guide wire 152 into position. 

In this embodiment (as Fig. 26 shows) , the 
probe 10A still preferably includes a slidable sheath 
68 for temporarily enclosing the mapping basket 70 
while being guided over the wire 152 into position (as 
Figs. 3 and 4 show). 

As Fig. 27 shows, the over-the-wire probe 
10A also preferably includes a one-way annular valve 
156 in the guide tube 154. The valve 156 prevents the 
back flow of blood and other fluids within the heart 
chamber into the guide tube 154 and the 
gions of the probe 10A. 

B.The Mapping Assembly Deployme nt Mach«n<»^ 

In the illustrated arrangement, the second 
mechanism 32 occupies the tip 42 of the probe handle 
16. Fig. li shows further details of this con- 
struction. 

As Fig. li shows, the second mechanism 32 
includes a carriage 60 that moves within the center 
bore 58 of the handle tip. The carriage 60 includes 
an opening 158 concentric with the axis of the center 
bore 58, through which the flexible tube 62 passes. 
As Fig. li shows, the outer diameter of the flexible 
tube 62 is less than the inner diameter of the car- 
riage opening 158. 

The carriage member 60 has an exposed ac- 
tuator 160 that extends through an elongated slot 162 
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in the handle tip (as Figs. 1 and 2 also show). The 
slot 162 extends along the axis of the center bore 58 
Fore and aft movement of the actuator 160 by the user 
moves the carriage member 60 within the center bore 58 
axially over the flexible tube 62. 

As Fig. ii further shows, the proximal end 
of the sliding sheath 68 is fastened by adhesive or 
the like to the carriage 60. Carriage movement as 
Dust described will thus also slide the attached 
sheath 68 axially over the flexible tube 62. 

When the actuator 160 occupies the fully 
forward position in the slot 162 on the handle tip 42 
(as Fig. 3 shows), the distal end of the sheath 68 is 
generally coterminous with the end cap 74 of the map- 
Ping basket 70. The distal end of the sheath 68 will 
thereby enclose the entire mapping basket 70 in a 
closed, collapsed condition. 

When the physician subsequently moves the 
actuator 160 to the fully rearward position in the 
slot 162 on the handle tip 42 (as Fig. 4 shows,, the 
distal end of the sheath 68 is generally coterminous 
with the base member 72 of the mapping basket 70. 
This exposes the mapping basket 70 for use. m this 
way, the second mechanism 32 is used to deploy and 
retract the mapping basket 70. 

t * 

Preferably (as Fig. 26 best shows), the dis- 
tal end of the flexible tube 62 includes one or more 
O-rings or gaskets 164. The gaskets form a fluid 
tight seal between the flexible tube 62 and sliding 
sheath 68 to prevent the back flow of blood and other 
fluids from within the heart toward the catheter han- 
die 16. 



C * The Mapping > aa ^i Y °*aninrr h^..^, 
In the illustrated arrangement, the third 
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mechanism 34 occupies the base 40 of the handle. The 
proximal end of the control wire 78 of the mapping 
basket 70 passes through the telescopic shaft for at- 
tachment within the steering member 50 (see Fig. 25) 
The distal end of the control wire 78 is attached to 
the basket end cap 74 (as Fig. 12 shows) . 

Fore and aft movement of the steering member 
50 along the track 52 thereby axial advances the 
control wire 78 to move the end cap 74 toward and away 
from the base member 72. This, in turn, expands, col- 
lapses, and shapes the mapping basket 70. 

When the steering member 50 occupies the 
forwardmost position in the track 52 (as Fig. 7 
shows), the end cap 74 is spaced farthest away from 
the base member 74. The flexible electrode support 
splines 78 lie in a generally linear relationship be- 
tween the base member 72 and the end cap 74. The map- 
ping basket 70 is in its closed or folded position, as 
Fig. 7 shows. 

When in this position, movement of the 
sheath control actuator 160 to the forwardmost 
position in the tip slot 162 will serve to enclose the 
collapsed mapping basket 70 completely within the 
sheath 68. The collapsed mapping basket 70 is thereby 
also retracted (as Fig. 3 shows). 

Likewise, movement of the sheath control 
actuator 160 to its rearwardmost position in the tip 
slot 162 will move the sheath 68 away from the colla- 
psed mapping basket 70. The mapping basket 70 is 
thereby deployed (as Fig. 4 shows) . 

When deployed, movement of the steering mem- 
ber 50 toward the rearwardmost position in the track 
52 will move the end cap 74 progressively closer to 
the base member 72 (as Figs. 5 and 6 show). The re- 
silient electrode support splines 78 progressively 



flex to assume a progressively more bowed three dimen- 
sional shape. The shape of the mapping basket 70 de- 
pends upon the position of the steering member 50 
within the track 52. 

As the steering member 50 moves from the 
forwardmost position toward the center position of the 
track 52 (as Fig. 5 shows) , the mapping basket 70 will 
progressively change from an elongated, oval shape 
into a spherical shape. As the steering member 50 
moves further from the center position toward the 
rearwardmost position of the track 52, the mapping 
basket 70 will progressively change from a spherical 
shape into a donut or toroidal shape. 

The third control mechanism 34 preferably 
includes an external locking nut 166. Clockwise 
rotation of the locking nut 166 increases the seating 
force between the steering member 50 and the handle 
base 40. When moved fully clockwise, the locking nut 
166 imposes a seating force that prevents movement of 
the steering member 50 within the track 52. m this 
way, the user can lock the mapping basket 70 in the 
desired shape, while conducting other control or map- 
ping operations. 

Counterclockwise rotation of the locking nut 
166 decreases the seating force and frees the steering 
member 50 for movement within the track 52. In this 
way, the user can manipulate the third mechanism 34 to 
open, close, and shape the mapping basket 70. 

Tha Mapping Assembly ?o Twi.f^g M ae h>n< aw . 
In the illustrated arrangement, the fourth 
mechanism 36 comprises the rotating junction between 
the handle base 40 and the handle tip 42. As Pig. 8 
shows, by holding the handle tip 42 stationary, the 
user can rotate the main body 38 of the handle 16 



relative to the tip 42. This, in turn, rotates the 

flexible tube 62, which is attached to the junction 

tube 46 within the main handle body 38, as Fig. io 

shows. This rotates the mapping basket 70, which is 

attached to the flexible tube 62, without rotating the 

sheath (which is separately attached to the carriage 

60 within the handle tip 42, as Fig. n shows. I n 

this way, the fourth control mechanism 36 rotates the 

mapping basket 70 without rotating the external sheath 
68. 

4 * Provable Preshap^rt Fleeted* «, T Por1: sm^^ 



A * . Deplorable Preshaped Baait** t , a9eBh H a . 

It should be appreciated that the mapping 
assembly 20 just described need not include a control 
mechanism for altering the basket's shape 70. The 
basket 7 OA can be preformed to collapse in response to 
an external force and to assume a single, prescribed 
final configuration upon the removal of the external 



In this arrangement the basket splines 78 
are connected between the base member 72 and the end 
cap 74 in a resilient, pretensed condition. The 
resilient splines 78 collapse into closed, a compact 
bundle in response to an external compression force. 

In this embodiment, the second control mech- 
anism 32 applies the force to compress the basket 70 
Movement of the tip actuator 160 to the forwardmost 
slot position advances the sheath 68 to compress and 
collapse the basket 70 while enclosing it. Movement 
of the tip actuator 160 to rearwardmost slot position 
advances the sheath 68 away from the basket 70. This 
removes the compression force, and the freed splines 
open to assume a prescribed shape. m one preferred 



arrangement , at least some of the individual splines 
78 within the basket 70 include varying regions of 
stiffness along their length. The varying regions of 
stiffness deflect differently when commonly stressed. 
Thus, the spline, when bent, will not assume a uniform 
arc. Instead, the spline will bend in a nonuniform 
way, taking on a different shape. By locating splines 
having regions of varying stiffness in different re- 
gions of the array, a multitude of different pre- 
scribed shapes for the basket 70 can be obtained. 

In another preferred embodiment, at least 
some of the splines include preshaped memory wire like 
Nitinol. The memory wire assumes different shapes, 
depending upon the temperature conditions surrounding 

In this embodiment, when exposed to room 
temperature conditions outside the body, the memory 
wire splines assume a generally straight configura- 
tion. In this way, the splines can be collapsed into 
a compact shape for enclosure Within the sheath 68 
for placement within a heart chamber. When deployed 
outside the sheath 68 and exposed to internal body 
temperatures within the heart chamber, the memory wire 
splines change their generally straight configuration 
and assume another predetermined shape. 

These different arrays can be attached to 
the distal end of individual, specialized catheters 
and be deployed with a handle-mounted control mecha- 
nism as previously described. 

B ' The Deplovable BT ^r M^inrj Rasemb i. 

Figs. 28 and 29 show an alternative mapping 
assembly 168 in which the support for the sensing 
electrodes takes the form of an inflatable bladder 
170. The inflatable bladder 170 occupies the interior 



chamber 174 of a base member 172, which the guide tube 
62 carries at its distal end. The distal end of the 
base member 172 is open. As Fig. 28 shows, the bag 
170 is normally stored at the distal end of the cathe- 
ter or within the interior chamber 174 in a deflated, 
retracted condition. ' 

A fluid pressure conduit 176 communicates 
with the bag 170. The conduit extends from the 
interior chamber 174 through the bore 64 of the 
flexible tube 62 to a port near the probe handle 16 
(not shown in Figs. 28 and 29) . in use, the physician 
connects the port to a source of fluid pressure, such 

as pressurized carbon dioxide or liquid saline solu- 
tion. 

After maneuvering the distal catheter end to 
the desired endocardial location, the physician con- 
ducts positive fluid pressure through the supply con- 
duit 176 into the bag 170. The positive fluid pres- 
sure causes the bag 170 to expand or inflate. 

The inflating bag 170 deploys outwardly be- 
yond the open chamber end, assuming a prescribed three 
dimension shape (as Fig. 29 shows). The shape can 
vary, depending upon the configuration of the bag. m 
the illustrated embodiment, the bag 170 assumes a 
somewhat spherical shape when inflated. Due- to its 
Pliant nature, the bag 170, when inflated, naturally 
conforms to the topography of the endocardial surface 
that is being mapped. 

Release of the positive fluid pressure and 
the application of negative pressure through the sup- 
ply conduit 176 will drain fluid from the bag 170 
The bag 170 collapses back into the base chamber 174 
in a deflated condition (as Fig. 28 shows) . Since the 
bag 170 deploys itself as it inflates, there is no 
need for a separate control mechanism to deploy the 



Alternatively, a movable sheath 68 
controlled by the second mechanism 32 (as earlier 
described) can be used to selectively enclose the bag 
170 before use and to free the bag 170 for use. 

The bag includes an electrically conducting 
surface, such as platinum. The surface is applied, 
for example, using I BAD. The conductive surface can 
occupy the entire exposed area of the bag 170. m 
this case, the bag, when inflated, functions as a sin- 
gle sensing electrode 170. 

Alternatively, the conductive surfaces can 
be applied in spaced zones 178 upon the circumference 
of the bag 170 (as Fig. 29 shows) . m this case, each 
zone 178 acts as an individual sensing electrode. The 
spaced conductive zones on the bag 170, when inflated, 
thereby together constitute an array of sensing elec- 
trodes. The bag surface also carries a solid state 
circuit applied by vapor deposition or similar tech- 
nique. The circuit attached to signal wires 180 to 
conduct signals from the conductive zones to a 
microconnector 92 in the base 172. These signals are 
in turn transmitted along the length of the associated 
catheter in the manner already described. 

c< Deplovable Sail M, PP i nCT 

Figs. 3 OA and 3 0B show another alternative 
mapping assembly 182. In this embodiment, the support 
for the sensing electrodes takes the form of a resil- 
ient body. 184 that resembles a sail. The sail body 
184 is preferable made of a resilient rubber or elas- 
tomeric material. 

The assembly 182 includes a base member 186 
with an interior chamber 188 having an open distal 
end. The guide tube 62 carries the base member 186 at 



its distal end. 

A control wire or shaft 190 is attached to 
the backside of the sail body 184. The control wire 
190 is movable along the axis of the guide tube 62 in 
response to a handle mounted control mechanism, like 
the control wire 78 associated with the variable size 
mapping basket shown in Fig. 12. m the illustrated 
embodiment, the handle mounted control mechanism can 
affect the same fore and aft movement of the steering 
member 50 upon the handle base 40, as previously de- 
scribed. 

In this arrangement, when the steering mem- 
ber 50 occupies the rearwardmost position in the track 
52, the sail body 184 is drawn back within the base 
chamber 188 (as Fig. 30B shows) . m this condition, 
the sides of the resilient sail body 184 fold forward- 
ly upon the side walls of the chamber 188, and the 
sail body 184 assumes a folded, concave shape within 
the confines of the base chamber 188. The mapping as- 
sembly 182 is retracted in this condition. 

Subsequent movement of the steering member 
30 toward the forwardmost position in the track 52 ur- 
ges the sail body 184 out of the chamber 188. Freed 
from the confines of the chamber 188, the sides of the 
sail body 184 resiliency spring into an open, convex 
shape, as Fig. 3 OA shows. The mapping assembly 20 is 
deployed in this condition. 

Movement of the steering member 50 back 
toward the rearwardmost position in the track 52 urges 
the sail body 184 back into the confines of the base 
chamber 188. in the process, the resilient sides of 
the sail body 184 will again fold forwardly against 
the side walls of the chamber 188. 

The sail body carries one or more sensing 
electrodes 192. The electrodes 192 can be physically 
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attached to the sail body 184. Alternatively, the 
electrodes can be applied, for example, using IBAD. 

The sail electrode array 182 is ideally 
suited for endocardial mapping. Like the previously 
described bag array 168 (shown in Figs. 28 and 29), 
the deformable, elastic sail body 184 will readily 
conform to the topography of the endocardial surface 
that it is pressed against for mapping. 

A hard wire or solid state circuit on the 
sail body 184 attaches to signal wires 194 to conduct 
signals from the electrodes 194 to a microconnector 92 
in the base 186. These signals are in turn transmit- 
ted along the length of the catheter in the manner al- 
ready described. 

D * DePlovable Radi»l n„r,« l o Ma »p ^ 7 ^ 

Figs. 31A; 3 IB; and 31C show yet another 
alternative mapping assembly 196. In this embodiment, 
the support for the sensing electrodes includes a cen- 
8ter spine 198 from which an array of flexible support 
filaments radiate. Each support filament carries a 
sensing electrode 202. 

« 

As before, the assembly includes a base 204 
with an interior chamber 206 having an open distal 
end. as before, the guide tube 62 carries the base 
204 at its distal end. 

The center spine 198 is movable along the 
axis of the guide tube 62 in response to the operation 
of a handle mounted control mechanism. In the illus- 
trated- embodiment , fore and aft movement of the steer- 
ing member 50, as previously generally described, can 
serve this control function. 

t 

In this arrangement, when the steering mem- 
ber 50 occupies the rearwardmost position in the track 
52, the mapping assembly 200 is retracted and the fil- 




ament array 196 is drawn back within the base chamber 
206, as Fig. 31A shows, m this condition, each fila- 
ment 200 is folded against the side walls of the cham- 
ber 206. 

Subsequent movement of the steering member 
50 toward the forwardmost position in the track 52 ur- 
ges the central spine 198 out of the chamber 206. 
Freed from the confines of the chamber 206, the sup- 
port filaments 200 spring into an open, three dimen- 
sional array radially surrounding the center spine 
198, as Fig. 31B shows. The mapping assembly 20 is 
thus deployed. 

Movement of the steering member 50 back 
toward the rearwardmost position in the track 52 urges 
the center spine 198 back into the confines of the 
base chamber 206. m the process, the flexible 
filaments 2 00 fold forwardly against the side walls of 
the chamber 206, as Fig. 31C shows. 

The radial bundle of filaments 200, each 
carrying a sensing electrode 202, offers a high den- 
sity, random mapping array 196. The flexible nature 
of the random array 196 readily conforms to the 
topography of the endocardial surface that it is 
pressed against. 

A hard wire or solid state circuit on the 
filaments 200 and center spine 198 conducts signals 
from the individual electrodes 202 to a microconnector 
92 in the base 204. These signals are in turn 
transmitted along the length of the catheter in the 
manner already described. 

E * Provable Foam TS p Mapn^g Assembl 

Figs. 32A and 32B show still another alter- 
native mapping assembly 208. m this embodiment, the 
support for the sensing electrodes takes the form of 



a porous foam body 210. 

As before, the assembly 208 includes a base 
212 with an interior chamber 214 having an open distal 
end. As before, the guide tube 62 carries the base 
212 at its distal end. 

Like the foregoing alternative embodiments, 
the foam body 210 is deployed from within the interior 
chamber 214. The foam body 210 is molded to assume 
what can be called a normal shape, in the illustrated 
embodiment (as Fig. 32A shows), the normal 
uncompressed shape is generally spherical. However, 
the original uncompressed shape can be rectangular' 
square, oval, toroid, or virtually any other shape. ' 

Due to its porous, open structure, the body 
210 can be collapsed, without damage, by an external 
compression force into another more compact shape, m 
the illustrated embodiment (as Pig. 32B shows), the 
more compact shape is generally cylindrical, to fit 
within the confines of the base chamber 214. However 
other compact shapes can be used. When the external 
compression force is released, the porous foam body 
resilient returns to its normal shape. 

A control wire or shaft 216 is attached to 
the foam body 210. The control wire 216 is movable 
along the axis of the guide tube 62 in response to the 
operation of a handle mounted control mechanism. m 
the illustrated embodiment, fore and aft movement of 
the probe steering member 50 can control the wire. 

In this arrangement, when the steering mem- 
ber 50 occupies the rearwardmost position in the track 
52, the foam body 210 is drawn back within the base 
chamber 214, as Fig. 32B shows. The side walls of the 
base chamber 214 compress and collapse the foam body 
210. When so compressed, the foam body 210 conforms 
to the interior shape of base chamber 214. The map- 



ping assembly 208 is retracted. 

Subsequent movement of the steering member 
50 toward the forwardmost position in the track 52 ur- 
ges the foam body 210 out of the chamber 214, as Fig. 
32A shows, when freed from the confines of the cham- 
ber 214, the foam body 210 opens into its normal 
uncompressed shape. The mapping assembly 208 is de- 
ployed. 

Movement of the steering member 50 back 
toward the rearwardmost position in the track 52 urges 
the foam body 210 back into the confines of the base 
chamber 214. The foam body 210 is again compressed 
into a compact, retracted shape, as Fig. 3 2B shows. 

The foam body 210 carries one or more sen- 
sing electrodes 218. The electrodes 218 can be 
physically attached to the foam body 210. Alter- 
natively, the electrodes 218 can be applied, for 
example, using I BAD. The sensing electrodes 218 
constitute a high density array ideally suited for 
endocardial mapping. 

A hard wire or solid state circuit on the 
foam body 210 conducts signals from the electrode 
zones 218 to a microconnector 92 in the base 212 
These signals are in turn transmitted along the length 
of the catheter in the manner already described. 

5 * Dynamic Mapping Aaaewh^ oo 
Figs. 33 to 36 show a mapping assembly 220 
that dynamically alters its shape to compensate for 
the compression of the heart chamber in which it is 



The mapping assembly 220 includes a base 
member 222 that is attached to the distal end of the 
guide tube 62, as previously described (see Fig. 34) 
The mapping assembly 220 includes an array of resil- 



lent electrode supports 224. Their proximal ends are 
attached to the base 222, and their distal ends are 
attached to a end cap 226. 

As described, this mapping assembly 220 is 
identical to the mapping assembly 20 shown in Fig. 12. 
As in Fig. 12, the mapping assembly 220 can include a 
movable sheath 68 and an associated control mechanism 
32 for alternatively enclosing and deploying the as- 
sembly 220. 

During endocardial mapping, the heart mus- 
cles continuously expand and contract with the beating 
of the heart, when deployed, the mapping assembly 220 
will thereby be subject to alternate cycles of con- 
traction and expansion. The surface pressure of the 
sensing electrodes 228 against the moving endocardium 
can therefore continuously vary, complicating the task 
of accurately recording the potentials. The sensing 
electrodes can also slip along the constantly moving 
endocardial surface. 

To counteract this phenomenon, the mapping 
assembly 220 includes means 230 for continuously urg- 
ing the sensing electrodes 228 against the endocardium 
and for maintaining a constant surface pressure, de- 
spite contraction and expansion of the heart. 

The means 230 can vary. In the illustrated 
embodiment, the base member 222 includes a tubular 
body that carries a front movable mount 232 and a 
fixed rear mount 234 (best shown in Figs. 33 and 35) 
The interior side wall 236 of the base member 222 ser- 
ves as- a bearing surface for the movable mount 232 
The movable mount 232 carries the proximal ends of the 
electrode supports 224. 

A spring 238 connects the front mount 232 to 
the rear mount 234. The front mount 232 moves toward 
the rear mount 234 when the electrode supports 224 ex- 



37 - 



perience compression within the heart chamber (as 
Figs. 33 and 34 show). The reverse is true when the 
electrode supports 224 experience contraction within 
the heart chamber (as Figs. 35 and 36 show). 

Movement of the front mount 232 toward the 
rear mount 234 compresses the spring 238. when 
compressed, the spring 238 urges the front mount 232 
toward a distal position within the base 22, in which 
the spring 238 is not compressed. 

The mounts 232/234 and spring 238 thereby 
establish an dynamic junction between the electrode 
supports 224 and the endocardium. Contraction of the 
heart chamber surrounding the mapping assembly 220 
exerts a compression force on the electrode supports 
224. The front mount 232 moves toward the rear mount 
224 in response to this compression. The spring 238 
serves to dampen and resist this movement, holding the 
electrodes against the endocardium. 

When the heart chamber expands, the spring 
238 urges the front mount 232 forward, urging the 
electrode supports 224 back toward their original 
shape. 

The spring thereby maintains contact between 
the electrode supports 224 and the surrounding, moving 
endocardium. 

In the illustrated and preferred embodiment, 
the spring 238 has a fixed spring constant that does 
not vary with compression. In other words, the spring 
238 is a constant force spring. 

The constant force spring 238 can take vari- 
ous forms, m the illustrated embodiment (as Pigs 33 
and 35 best show) , the spring 238 is a conical spring 
When compressed, it exerts a constant force, regard- 
less of the degree of compression. 

The constant force 238 spring establishes 



and maintains a constant surface pressure between the 
mapping assembly 220 and the surrounding endocardium. 
The dynamic junction established produces consistently 
accurate readings during periods of contraction and 
expansion of the surrounding heart muscle. 

It should be appreciated that the dynamic 
junction can be used in association with mapping as- 
semblies of various sizes and shapes, it is not lim- 
ited in use with the particular basket mapping assem- 
bly 220 shown in Figs. 33 to 36. 
6 V ^PPinq Site Flushing and e a » T n %t ion mnfr» 

According to another aspect of the inven- 
tion, the mapping assembly can includes means for con- 
veying fluid to the mapping site. 

The fluid can be, for example, saline and be 
used to flush the mapping site to keep the sensing 
electrodes free of tissue buildup and blood. The flu- 
id can also be heparin or another anticoagulant and be 
used to actively reduce the incidence of coagulation 
during the mapping procedure. 

The fluid conveying means can vary, m the 
embodiment shown in Fig. 12, the mapping assembly 20 
includes a flexible central tube 240 surrounding the 
control wire 78. The tube 240 extends from the end 
cap 74, through the base member 72 and bore of the 
flexible tube 62 to a fluid port 242 (like that shown 
in Fig. 26). Fluid to be conveyed to the site is 
introduced under pressure through the port 242. 

The end cap 74 includes a center channel 244 
communicating with the distal end of the tube 240 
Fluid conveyed by the tube 240 exits through the chan- 
nel 244 into the mapping site. 

Preferably, the center channel includes a 
one-way annular valve 246, like that shown in Fig. 27 
The valve 246 allows fluid to pass from the tube 240 



through the channel 244, but prevents the back flow of 
fluid in the reverse direction. The valve 246 thereby 
blocks blood and other fluids present within the heart 
chamber from entering the tube and the interior 
regions of the catheter. 

Various features of the invention are set 
forth in the following claims. 



